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Follow-Up to European Strategy Particle Physics

Expert Panel “High Gradient: Plasma and Laser

Accelerators”
Follow-up Panel to Europ. Strategy for Particle Physics
Panel proposes roadmap for use in Particle Physcis

Panel members:

Chair: Ralph Assmann (DESY/INFN)

Deputy Chair: Edda Gschwendtner (CERN)

Kevin Cassou (IN2P3/1JCLab), Sebastien Corde (IP Paris),
Laura Corner ( Liverpool), Brigitte Cros (CNRS UPSay),
Massimo Ferarrio (INFN), Simon Hooker (Oxford), Rasmus
Ischebeck (PSl), Andrea Latina (CERN), Olle Lundh (Lund),
Patric Muggli (MPI Munich), Phi Nghiem (CEA/IRFU), Jens
Osterhoff (DESY), Tor Raubenheimer (SLAC), Arnd Specka
(IN2PR/LLR), Jorge Vieira (IST), Matthew Wing (UCL).

Panel associated members:
Cameron Geddes (LBNL), Mark Hogan (SLAC)), Wei Lu
(Tsinghua U.) , Pietro Musumeci (UCLA)

Mandate:

Develop a long-term roadmap for the next 30 years towards a
HEP collider or other HEP applications.

Develop milestones for the next 10 years taking explicitly into

account the plans and needs in related scientific fields as well as
the capabilities and interests of the stakeholders.

Establish key R&D needs matched to the existing and planned
R&D facilities.

Give options and scenarios for European activity level and
investment.

Define deliverables until the next European strategy process in
2026, which allow deciding on the continuation of this R&D line
for HEP.

Elaborate consultation process with 231 registered
participants, 3 townhall meetings, > 60 talks and
inputs.
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Plasma and Laser Accelerators: New Livingston Curve

Nobel prize Physics
2013 Englert/Higgs
' Future goals

Examples of new ideas and solutions: RF,
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Plasma and Laser Accelerator Principle

Damage limits for metallic walls in RF cavities limit accelerating fields—> replace metal with plasmas or
dielectric materials = advance into the many GV/m regime = shorter acc. lengths 2 reduced cost?

Hlustration from EUPRAXIA, A. Ferran Pousa et al

Wakefield due to space
charge oscillation inside
plasma = 10 - 100 GV/m

Electron beam

Lasers or THz pulses or e-
beams drive dielectric

Laser or beam driver structures (e.g. Silicium)
“Accelerator on a Chip” grant Moore
foundation: Stanford, SLAC, University
Erlangen, DESY, University Hamburg, PSI,
EPFL, University Darmstadt, CST, UCLA

AXSIS ERC Synergy Grant: DESY, Arizona SU

- ‘
.\l Options for driving plasma and dielectric structures (no klystrons at those frequencies):
-~

* Lasers: Industrially available, steep progress, path to low cost

Limited energy per drive pulse (up to 50 J)

< > * e- bunch: short bunches (need um) available, need long RF accelerator
~100 pm More energy per drive pulse (up to 500 J)
Tajima & Dawson 1979 * p+ bunch: only long (inefficient) bunches, need very long RF accelerator

Maximum energy per drive pulse (up to 100,000 J)
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Shrinking the Size of Particle Physics Facility

. Added value
Typical RF Based
RF Accelerators Ay::ecI:rator :Zzility to 400 m new Research Infrastructures due
> 30,000 operational — many serve for Health

5 Gev . to compactness and cost-efficiency
H1H bringing new capabilities to science
30 million Volt per meter it plohy B ERIIUES 1 SIS,
institutes, hospitals, universities,
RF: 90 years of success story for society

“« industry, developing countries.
\\\
nki ~_  60"m
Plasma Accelerators shrinking epraxiApsma D GEV
the Size Of / Accelerator Facility to
first user facility to be realized i S e . . Y example
100,000 million Volt per meter Facility o

Future

“realistic design including all required
infrastructure for powering, shielding, ...

Can we shrink the Linear Collider, provide e and e* beams in the
TeV energy regime and produce > 103** cm2 s [uminosity?
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Can we shrink the Linear Collider?

provide e and e* beams in the TeV energy regime and produce > 103* cm2 s'1 l[uminosity

TDR’s

(phase 1 to full, up to 1 TeV c.m.) upto3Tevem,) X
published

"_c = CLIC (similar footprint for

New compact accelerators

@ uw collider

O SPS (injector to, TLEP?)

QLEP/LHC
(injector to TLEP?)

LHeC
(e-p, ERL)

=== Plasma Lin-
ear Collider
R&D on feasibility ongoin:

FCC

Future Circular Collider

100 km, e+e-, pp

Technical design to be done

.
T T I I I I I I I I ”

-25 -20 <15 <10 -5 0 5 10

15 20 25 km

Table 1.3: Required parameters for a linear collider with advanced high gradient acceleration. Three
published parameter cases are listed. Case 1 (PWFA) is a plasma-based scheme based on SRF electron
beam drivers [88]. Case 2 (LWFA) is a plasma-based scheme based on laser drivers [89]. Case 3 (DLA)
is a dielectric-based scheme [34].

Parameter Unit PWFA LWFA DLA
Bunch charge nC 1.6 0.64 48x10°°
Number of bunches per train - 1 1 159
Repetition rate of train kHz 15 15 20,000
Convoluted normalized emittance (v,/€,€.) nm-rad 592 100 0.1
Beam power at 5 GeV kW 120 48 76
Beam power at 190 GeV kW 4,560 1,824 2,900
Beam power at 1 TeV kW 24,000 9,600 15,264
Relative energy spread Yo <0.35
Polarization Yo 80 (fore™)
Efficiency wall-plug to beam (includes drivers) 9o >10
Luminosity regime (simple scaled calculation)  10**cm—2s~! 1.1 1.0 1.9

from expert panel interim report

No fundamental show-stopper but a lot of R&D still required.

There can be very interesting and useful interim steps (non-linear QED, fixed target, dark matter, ...)
Devil is in the details! Answer requires detailed simulation, calculations, R&D, designs and tests!
How and when can we arrive at readiness for for high energy particle physics, e.g. a TeV collider?
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Can we shrink the Linear Collider?

provide e and e* beams in the TeV energy regime and produce > 103* cm2 s'1 l[uminosity

Parameter Unit PWFA LWFA DLA
Bunch charge nC 1.6 0.64  4.8x107°
Number of bunches per train - | 1 1| 159
Repetition rate of train kHz 15 15 20,000
Convoluted normalized emittance (v./€pé,) nm-rad 592 100
Beam power at 5 GeV kW 120 48 76
Beam power at 190 GeV kW 4560 1,824 2,900
Beam power at 1 TeV kW 24,000 9,600 15,264
Relative energy spread %o <0.35
Polarization % 80 (fore™)
Efficiency wall-plug to beam (includes drivers) %
Luminosity regime (simple scaled calculation) 10%*cm=%s=' 1.1 1.0 1.9

. . . from expert panel interim report
How and when can we arrive at readiness for for high

energy particle physics?
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Input to Expert Panel

See https://indico.cern.ch/event/1041900/

and https://indico.cern.ch/event/1040116/
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Beams
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plasma wakes

Strong electron beam focusing with passive,
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Roadmap for high average power ultrashort laser
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MP-LWFA to improve LPA repetition rate and efficiency
/ European Network for Novel Acceleraetors
(EuroNNAc)
Towards PW scale laser driver with 100 Hz / Update on
the design of a kHz-KW laser driver for plasma
acceleration
Low-loss, metre-scale plasma channels for high-

rate plasma

Strategy for enabling plasma-based accelerators to
drive first particle-physics applications

EuPRAXIA - Proposal for a distributed research facility
towards the realization of a FEL plasma based
accelerator, organization, current status and outlook

Light-source icati of

Exploring the fully no-perturbative regime of QED at a
Future Linear Collider

Towards an integrated design study for a Plasma Linear
Collider / Positron plasma wakefield acceleration
research at FACET-Il

Plasma wakefield acceleration at FACET-11 / GARD
beam test facilities in the US

High-average power beam driven plasma acceleration
Increase of the energy gain in a laser-plasma
accelerator stage

High beam quality R&D at SPARC_LAB

Staging of plasma accelerators for high-energy, stability
and beam quality
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accelerator with high beam quality
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High gradient acceleration at the CLARA Test Facility
Particle Physics possibilities with AWAKE-like
technology

High quality beam-driven plasma acceleration and FEL
High intensity laser facility for High gradient accelerator
development

Preferred machine for testing a laser plasma
accelerator at CERN: CERN eSPS

CEPC high energy plasma injector and PWFA driven
coherent light source based on SXFEL facility

SRF-based collinear beam-driven acceleration for a
future TeV collider

150 MeV S-Band injector linac with high stability and
ultra-short electron bunches§

Plasma beam dump and its implementation in future
colliders

Plasma photocathode HEP R&D

Plasma target development for PALLAS project
AWAKE scalable plasma sources R&D at CERN

Hybrid plasma wakefield accelerators as test-beds for
HEP building blocks

High peak current electron beam transport and
diagnostics

High rate | pl; i

Multi-physics sil and plasma

The importance of software engineering for PIC
simulations

OSIRIS 2030: Strategy for future plasma-based
acceleration modeling

Open-source simulation ecosystem for laptop to
Exascale modeling of high-gradient accelerators
Some Aspects of Laser Wakefield Acceleration of Self-
injected Electron Bunch in a Metallic-Density Electron
Plasma

Plasma-based positron sources R&D: current status and
next steps

CW collinear hollow-core scheme for Dielectric Laser
Accelerators (DLAs)

Dielectric Structures as Diagnostics and Beam
Manipulation Devices

Structure-Based Laser-Driven Accelerators

Dielectric wave guide for short electron beam

i ion at THz

and

mm-wave and THz acceleration



https://indico.cern.ch/event/1041900/%2311-150-mev-s-band-injector-lin
https://indico.cern.ch/event/1041900/
https://indico.cern.ch/event/1040116/

Powering an FEL, injection into state-of-the-art storage ring, novel end-station
modalities and >10 GeV pl lerator syst are goals at DESY
Stable, reliable generation of high quality beams to ensure machine availability

Research Roadmaps
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Laser plasma accelerators
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Dielectric lined waveguide acceleration @ CLARA test facility
e

Lancaster University, Manchester University, STFC Na
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Challenges & Opportunities leading up to 2030

need to address

- Extended acceleration distances
- Ultra-high field intensities

pr i for HER.

pe*’

))» . v 1 3 A A SN

Open-source simulation ecosystem
for laptop to Exascale modeling
of high-gradient accelerators

Expert Panel on High-Gr

3rd Townhall meetng Eurcpean Strategy Plasma & Laser Accolarators

Amplitude Roadmap for
high energy high

repetition rate ultrafast
laser

* Franck FALCOZ
Eusness Dewscpment Manager

2 ENERGY

Amplitude

PolanX collaboration with CERN & PSI
Successful commissioning of the PolarX structure in
collaboration with FLASH / FF

for.

Conceptual design study: a plasma injector for PETRA IV (PIP4)

The team
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Needed
<> Full-characterization of phase space of few fs-
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« Leverage the power of present and future Tier-0 HPC systems for addeessing these
challenges

- Impeovement of core aigorithms in tesms of acauracy, stability, and additional physics
d i scales, and

ope g
increased laser intensities and address HEP relevant parameters

- Improvements on parameter input and cutput, for both quantitative simulations with
is0n wi ips and use in integs o
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https://www.esfri.eu/latest-esfri-news/new-ris-roadmap-2021

Press Release ESFRI 30.6.21

The new ESFRI Projects are: l

¢ There is a new level of ambition to develop globally unique,

complex facilities for frontier science: Einstein Telescope -
ESFRI asour =8

highest value project ever on the Roadmap - EUR 1.900 million,

HOME > NEWS > LATEST ESFRI NEWS and EuPRAXIA - innovative accelerator based on plasma
ESFRI announces new Ris for Roa technology - EUR 569 million.

¢ ET - Einstein Telescope, the first and most advanced third-

0.06.201 generation gravitational-wave observatory, with unprecedented
PRESS RELEASE o .
sensitivity that will put Europe at the forefront of the

ESFRI announces the 11 new Researt¢

Gravitation Waves research.
included in its Roadmap 2021

New RlIs for Roadmap .
T TR T o ‘ EuPRAXIA - European Plasma Research Accelerator with
€4.1 billion investment in excellent s

European challenges Excellence in Applications, a distributed, compact and

ROADMAP 2021

innovative accelerator facility based on plasma technology, set

After two years of hard work, following

selection procedure, ESFRI proudly ar to construct an electron-beam-driven plasma accelerator in the
have been scored high for their scienc
implementation and will be included :

2021 Rondmap Updiate. accelerator in European territory.

metropolitan area of Rome, followed by a laser-driven plasma



Main Challenges for Particle Physics Use Reviewed

Electron beam with collider quality
1-100 GV/m acceleration, 15000 nC/s charge
delivered, sub-micron transverse emittances,

10 rel. energy spread, spin polarization.

Deliverables: on injectors, numerical simulations,
repetition rate, efficiency, beam loading,
emittance preservation, energy spread control,
polarization, staging, ... were proposed.

Solution for positron acceleration
with parameters similar to electron bunches.

Deliverables: on numerical simulations, proof-of-
principle experiments were proposed.

Conceptual design very compact collider
with physics case, self-consistent machine parameter set,
realistic assessment of feasibility issues, performance,

Deliverables on a coordinated international design study,
including beam delivery, luminosity and interaction
region design were proposed.

Intermediate steps towards a particle

physics collider and synergy

with progress in photon science and lower energy
applications.

Deliverables for intermediate implementation steps
were proposed.
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FEASIBILITY, PRE-CDR
STUDY

Scope: 1%t international, coor-
dinated study for self-consistent
analysis of novel technologies
and their particle physics reach,
intermediate HEP steps, collider
feasibility, performance, quanti-
tative cost-size-benefit analysis

Concept: Comparative paper stu-
dy (main concepts included)
Milestones: Report high energy
e and e* linac module case
studies, report physics case(s)
Deliverable: Feasibility and pre-

CDR report in 2026 for Euro-
pean, national decision makers

HIGH GRADIENT

PLASMA AND LASER. ACCELERATORS
Accelerator R&D Roadmap Pillars

FEASIBILITY, PRE-CDR
STUDY

Scope: 1% international, coor-
dinated study for self-consistent
analysis of novel technologies
and their particle physics reach,
intermediate HEP steps, collider
feasibility, performance, quanti-
tative cost-size-benefit analysis
Concept: Comparative paper stu-
dy (main concepts included)
Milestones: Report high energy
e and e* linac module case
studies, report physics case(s)
Deliverable: Feasibility and pre-
CDR report in 2026 for Euro-
pean, national decision makers

TECHNICAL
DEMONSTRATION

Scope: Demonstration of critical
feasibility parameters for e*e
collider and 15t HEP applications

Concept: Prioritised list of R&D
that can be performed at exist-
ing, planned R&D infrastructures
in national, European, interna-
tional landscape

Milestones: HQ e beam by 2026,
HQ e* beam by 2032, 15 kHz
high eff. beam and power
sources by 2037 (sustainability)
Deliverable: Technical readiness
level (TRL) report in 2026 for Eu-
ropean, national decision makers

INTEGRATION &
OUTREACH

Synergy and Integration: Bene-
fits for and synergy with other
science fields (e.g. structural
biology, materials, lasers, health)
and projects (e.g. EUPRAXIA, ...)
Access: Establishing framework
for well-defined access to distri-
buted accelerator R&D land-
scape

Innovation: Compact accelerator
and laser technology spin-offs
and synergies with industry
Training: Involvement and edu-
cation of next generation engi-
neers and scientists




2021

I2022 2023 | 2024

2025

[ ]

2026

_2027 2028 | 2029 | 2030 | 2031 | 2032

2033

2034

2035

Development of programs and computing infrastructure
for high energy S2E simulations (Exascale, ...)

Comparative case study: high energy electron linac, high
rep rate limits

Milestone report: Simulation 15 GeV, multi-stage electron
accelerator, cost and footprint

Very compact collider concepts, IR challenges and
opportunities, polarization, round vs flat

Pre-CDR / feasibility study, paper work,
findings listed - no priorisation and no

Preparation: PhVSics

physics case

down-selection of topics yet

Comparative case study: high energy positron linac

Preparation:
theory, sim

Comparative case study: low energy electron linac

Conceptual design low energy HEP facility, intermediate
test facility

Preparation:
physics case

Comparative study beam and laser drivers, efficiency,
transformer ratios

Deliverable: Comparative Feasibility Report for HEP (pre-
CDR)

Conceptual design study very compact collider, low energy
HEP, intermediate facility

Decision point

Technical design study very compact collider, low energy
HEP, intermediate facility

R. Assmann, E. Gschwendtner
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TECHNICAL
DEMONSTRATION

Scope: Demonstration of critical
feasibility parameters for e'e
collider and 15t HEP applications

Concept: Prioritised list of R&D
that can be performed at exist-
ing, planned R&D infrastructures
in national, European, interna-
tional landscape

Milestones: HQ e beam by 2026,
HQ e* beam by 2032, 15 kHz
high eff. beam and power
sources by 2037 (sustainability)

Deliverable: Technical readiness
level (TRL) report in 2026 for Eu-
ropean, national decision makers

HIGH GRADIENT

PLASMA AND LASER. ACCELERATORS
Accelerator R&D Roadmap Pillars

FEASIBILITY, PRE-CDR
STUDY

Scope: 1% international, coor-
dinated study for self-consistent
analysis of novel technologies
and their particle physics reach,
intermediate HEP steps, collider
feasibility, performance, quanti-
tative cost-size-benefit analysis
Concept: Comparative paper stu-
dy (main concepts included)
Milestones: Report high energy
e and e* linac module case
studies, report physics case(s)
Deliverable: Feasibility and pre-
CDR report in 2026 for Euro-
pean, national decision makers

TECHNICAL
DEMONSTRATION

Scope: Demonstration of critical
feasibility parameters for e*e
collider and 15t HEP applications

Concept: Prioritised list of R&D
that can be performed at exist-
ing, planned R&D infrastructures
in national, European, interna-
tional landscape

Milestones: HQ e beam by 2026,
HQ e* beam by 2032, 15 kHz
high eff. beam and power
sources by 2037 (sustainability)
Deliverable: Technical readiness
level (TRL) report in 2026 for Eu-
ropean, national decision makers

INTEGRATION &
OUTREACH

Synergy and Integration: Bene-
fits for and synergy with other
science fields (e.g. structural
biology, materials, lasers, health)
and projects (e.g. EUPRAXIA, ...)
Access: Establishing framework
for well-defined access to distri-
buted accelerator R&D land-
scape

Innovation: Compact accelerator
and laser technology spin-offs
and synergies with industry
Training: Involvement and edu-
cation of next generation engi-
neers and scientists




R&D Area

R&D Topic (in random order)

Sources of electrons, positrons, plasmas, and high
power laser pulses

Address particle physics' unique requirements:
15kHz repetition rate, nanometer emittance, many
M stored energy, component efficiency at 30-50%
level, high rigidity of main beam, need for compact
solutions

High-quality electron beams from a LWFA injector

PALLAS, ELI, DESY, EuPRAXIA, Tsinghua, CLF/RAL/EPAC, ...
| |

Advanced plasma photoguns with ultra-low
emittance electron beams

[ [
Strathclyde, FACET-2, ...
| |

Compact generation of positron beams up to GeV

[ [
Queens University Belfast, EUPRAXIA, ...
| | | |

High average power, high effciency laser drivers
and schemes

CNR, DESY, STFC, CLF, Oxford, CNRS, EuPRAXIA, industry, Liverpool, LLNL, LBNL, ...

Hybrid laser-beam driver schemes: demonstration,
stability, efficiency

HZDR, LMU University, Strathclyde, CNRS, CLARA/FEBE, CLF/RAL/EPAC, ...

Development of plasma sources for high-repetition
rate, multi-GeV stages

| | | |
I I I
Oxford, DESY, LNF/INFN, AWAKE, ...

System tests: high quality electrons

R&D often driven by other science fields that will
benefit from first, lower energy applications. Results
will of prove collider single bunch quality

Dielectric accelerator module with high quality
beam for first applications

Electron-driven plasma accelerator-based Free-
Electron Laser in saturation

First la-
sing LNF

Laser-driven plasma accelerator-based soft-Xray
Free-Electron Laser in saturation

First la-
sing
SIOM

User OP
EuPRAXIA

Electron beam with fixed target beam quality from
p-PWFA

Satura-
tion

AWAKE

--> Ready for Fixed
MIZIETTIT  Target Experiments

Collider components

Demonstrate various collider components or aspects
that are of critical importance for particle physics
applications

Staging of electron plasma accelerators including in-

and outcoupling

BELLA, DESY, EuPRAXIA, CLARA/FEBE, CLF/RAL/EPAC, AWAKE, ...

Polarized electrons: targetry, polarimetry,
polarization conservation

Input to

FZJ, DESY, ...
concepts

Plasma lens R&D, towards transversely tapered
designs

DESY, FACET-2, BELLA, Oslo University, CLARA/FEBE, Liverpool, CLEAR, ...

Stable high transformer ratio PWFA with high eff.
and low energy spread

I I I
FACET-2, LNF/INFN, DESY, ...

Positron high energy plasma acceleration module

I
FACET-2, ...

Proton-driven ki electron acceleration module

Possible HEP test facility

Possible construction HEP test facility advanced
accelerators (start OP in 2035), if in pre-CDR 2026

e-seeding,

high grad.

10GeV in

10m, low
emit.
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1. High-gradient Plasma and Laser Accelerators

11
2021:

2022:

2023:

N}

2024:

2024:

Findings: Milestones and Deliverables 2021 - 2024
High quality beams: electron-driven plasma accelerator
tion of FEL-SASE and seeded exponential growth at 83
High-quality beams: Laser-driven plasma acceleratol
Demonstration of FEL-SASE at SIOM [2]

Numerical and Theoretical Tools — Setup of simul:
stages) with certain approximations

High-quality beams: Laser-driven plasma accelerator-b:
sion laser-driven plasma FEL site EuPRAXIA

Positron technical d s — D ion «
tance, 2% energy spread) positron beam from a plasma
MeV level.

Numerical and Theoretical Tools — Setup of simulz
stages) with certain approximations

Hybrid laser-beam driver schemes: demonstration, stal
schemes — Realization of tuneable PWFA internal i
plasma photoguns

Dielectric accelerator module with high quality beam fi
MeV beam

Dielectric accelerator module with high quality beam fc
tion code capable of simulating a billion accelerating ce
Hybrid laser-beam driver schemes: demonstration, stal
schemes — Demonstration of emittance and brightne:
compared to the initial LWFA output

High-quality LWFA injector — Models for nC-level, I
validated by simulations

Advanced plasma photoguns with ultra-low emittance
normalized emittance

High quality beams: electron-driven plasma accelerato!
tion of FEL saturation at short wavelength (<830 nm)
Polarized electrons — Demonstration of polarized ele
ization fraction

Plasma lens R&D — Demonstration of focusing effe
GeV energy range

DELIVERABLE — Report electron high energy cas
tron accelerator, cost and footprint) and physics case

1. High-gradient Plasma and Laser Accelerators

1.2
2025:

2026:

2026:

Findings: Milestones and Deliverables 2025 - 2026
Plasma lens R&D — Development and demonstrati
with plasma lenses

High quality beams: electron-driven plasma accelerat(
Technical Design Report ready

High-quality LWFA injector — Experiments, optimi
repetition rate at existing facilities

Dielectric accelerator module with high quality beam 1
for applications outside HEP and design and simulate
Plasma lens R&D — Integration of plasma lenses in
Advanced plasma ph with ultra-low

emittance beams with collider-level energy spread and
Numerical and Theoretical Tools — Study of spin p
strategies for a plasma-based collider

High average power, high efficiency laser drivers anc
laser for driving a high repetition rate test beamline fa
Positron technical demonstrations — Demonstrati
plasma wake-field at the 1 GeV level

Development of plasma sources for high-repetition r¢
sential physics questions, e.g. wakefield process effici
Dielectric accelerator module with high quality beam
late a linear collider at the energy frontier
High-quality beams: Laser-driven plasma accelerator
PRAXIA Technical Design Report ready
Proton-driven plasma wakefield acceleration: demons
trol, scalability — Until 2026 AWAKE plans to den
process with an electron bunch and optimize the proces
density step to accelerate electrons to multi-GeV ener;
High transformer ratio PWFA for high efficiency and
tion over many betatron periods in a plasma module w
drive energy), high total efficiency (30% driver to witr
the 1 pm level), and narrow energy spread (0.1%)
DELIVERABLE — Pre-CDR and Collider Feasibil
by report on Technical Readiness Levels (TRL report)
to next Update of European Strategy for Particle P

Findings: Milestones and Deliverables 2027 - 2030

2027: Hybrid I; beam driver : sta

schemes — Demonstration of advanced sources such

— Advanced plasma photoguns with ultra-low emittance
high-charge (100’s of pC to nC, moderate to extreme ¢
normalized emittance

— High-quality LWFA injector — Experimental demon
frep < 100 Hz

— Staging of electron plasma accelerators including in- ar
staging at 5 GeV. Extend the design to its use at 50 G
plasma lenses

— Staging of electron plasma accelerators including in-
plasma lenses for the high energy beams of 50 GeV an

2028: Advanced plasma photoguns with ultra-low emittance

low emittance electron beams from plasma photocathor
— Dielectric accelerator module with high quality beam
and feedbacks for DLA: measurement of orbit and prof
— Numerical and Th 1 Tools —+ D i
stable and efficient numerical models

2029: High quality beams: electron-driven plasma accelera

beam-driven EuPRAXIA facility at Frascati in operatic

2030: High average power, high efficiency laser drivers and

wavelength (few kW) [3]: pulse energy 50-100J, repeti!
energy stability (RMS) 0.6-1%, pointing stability (RM

— Dielectric accelerator module with high quality beam fc
laser sources, alignment of structures and develop a col

— High-quality beams: Laser-driven plasma accelerato
demonstration fully saturated FEL at LUX. EuPRAXI/

— Proton-driven plasma wakefield acceleration: demonst
trol, scalability — In the next 10 years AWAKE ai
electron witness bunch to 10GeV in 10m with contro
the 10 mm-mrad level and percent energy spread, to ¢
long, and to demonstrate acceleration in a scalable pla
100GeV energies

— Plasma lens R&D — Demonstration of a transversely
rection

— High transformer ratio PWFA for high efficiency and 1
transformer ratio while mitigating beam-plasma instabi

— Numerical and Theoretical Tools — Start-to-end simu

1.4 Findings: Milestones and Deliverables 2030 - 2037

2030+

2031:
2032:

2034:

2035:

2037:

Proton-driven plasma wakefield acceleration: demonst
trol, scalability — Starting in 2030, by the successful
ready for first high-energy physics applications [5-7].
tion technology could be used in fixed target experime
future electron-proton or electron-ion colliders at very
acceptable

Polarized electrons — Increase of the polarization fra
High-quality LWFA injector — Experimental demor
frep > 1kHz

High average power, high efficiency laser drivers and
ducing multi-GeV beam energies at kHz rates

Staging of electron plasma accelerators including in- :
and test complete transfer lines at 50 GeV and 180 Ge\
High average power, high efficiency laser drivers and
efficient laser for HEP collider stages

Development of plasma sources for high-repetition rate,
technology as close as possible towards that working |
for iterative plasma-source development will be requir¢
repetition-rate plasma accelerator research. Each iteral
with sustained operation at a repetition rate conducive w
e.g. 10kHz.

Development of plasma sources for high-repetition rate,
per stage are pushed into the relevant multi—10 to 1(
consistent with the outcome of the proposed conceptual
High-quality LWFA injector — Experimental demo
frep > 10 kHz

Input and findings: 56 proposed milestones and deliverables for R&D until 2037. To be discussed
further and prioritized in next step of the roadmap process.
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INTEGRATION &
OUTREACH

Synergy and Integration: Bene-
fits for and synergy with other
science fields (e.g. structural
biology, materials, lasers, health)
and projects (e.g. EUPRAXIA, ...)

Access: Establishing framework
for well-defined access to distri-
buted accelerator R&D land-
scape

Innovation: Compact accelerator

and laser technology spin-offs
and synergies with industry

Training: Involvement and edu-
cation of next generation engi-
neers and scientists

HIGH GRADIENT

PLASMA AND LASER. ACCELERATORS
Accelerator R&D Roadmap Pillars

FEASIBILITY, PRE-CDR
STUDY

Scope: 1% international, coor-
dinated study for self-consistent
analysis of novel technologies
and their particle physics reach,
intermediate HEP steps, collider
feasibility, performance, quanti-
tative cost-size-benefit analysis
Concept: Comparative paper stu-
dy (main concepts included)
Milestones: Report high energy
e and e* linac module case
studies, report physics case(s)
Deliverable: Feasibility and pre-
CDR report in 2026 for Euro-
pean, national decision makers

TECHNICAL
DEMONSTRATION

Scope: Demonstration of critical
feasibility parameters for e*e
collider and 15t HEP applications

Concept: Prioritised list of R&D
that can be performed at exist-
ing, planned R&D infrastructures
in national, European, interna-
tional landscape

Milestones: HQ e beam by 2026,
HQ e* beam by 2032, 15 kHz
high eff. beam and power
sources by 2037 (sustainability)
Deliverable: Technical readiness
level (TRL) report in 2026 for Eu-
ropean, national decision makers

INTEGRATION &
OUTREACH

Synergy and Integration: Bene-
fits for and synergy with other
science fields (e.g. structural
biology, materials, lasers, health)
and projects (e.g. EUPRAXIA, ...)
Access: Establishing framework
for well-defined access to distri-
buted accelerator R&D land-
scape

Innovation: Compact accelerator
and laser technology spin-offs
and synergies with industry
Training: Involvement and edu-
cation of next generation engi-
neers and scientists




*  Executive Summary 2p

Conclusion | =

¢ Motivation for a Plasma and Laser Accelerator R&D Program  1p

+ State of the Art 2p

* RF accelerators are drivers of excellence!

*+  Objectives of a Plasma and Laser Accelerator R&D Program 2 p

e \We have a new technology Wlth 1-100 GV/m + Challenges of Plasma and Laser Accelerators 6p
¢ Plasma and Laser Accelerator R&D Program Drivers 2p

® EStab|IShIng Compact e- beam researCh infrastructure in * Proposed Program Structure and Deliverables 12p
GeV regime, proposed by 50 institutes, 100’s scientists, |* Reamap, WorkPlanand Timeline 4p

. . ¢ Impact of a Plasma and Laser Accelerator R&D Program 4p

on ESFRI roadmap (EuPRAXIA) + national projects. + aopicAN S r s and sty 0

* Use of this technology for High Energy Physics: ' 5°e“a”°b°|””gageme“”“d vestments 2P
* Sustainability 1p

* Many challenges to be solved for very compact colliders
— not at all easy but no fundamental showstopper.

Wakefield due to space
charge oscillation inside
plasma 2 10 — 100 GV/m Laser or beam driver

 Start stringent, coordinated innovation cycle for develo-
ping new HEP discovery reach (feasibility = interme-
diate facility = collider) with all its risks and benefits...

Electron beam

* Final roadmap will describe detailed challenges, milestones
and required support!

Illustration from EUPRAXIA, A. Ferran Pousa et al

Tajima & Dawson 1979 O

R. Assmann, E. Gschwendtner




Thank you for your attention!

Comments and suggestions very welcome and needed to
prepare the best possible report

ralph.assmann@desy.de
edda.gschwendtner@cern.ch

Or send it to the expert panel:

expertpanel-plasmalaser-townhall@cern.ch

R. Assmann, E. Gschwendtner
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